Introduction
Non-alcoholic fatty liver disease (NAFLD) is one of the increasing metabolic disorders which has a direct link with obesity, glucose intolerance, inflammatory pathways and dyslipidemia.
1 Fatty liver disease refers to a wide range of liver damages, ranging from plain steatosis to steatohepatitis, advanced fibrosis, and finally cirrhosis.
2,3 Drugs used to decrease NAFLD progression had inconclusive results.
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Because lifestyle modifications and drugs cannot be implemented effectively, new pharmacological and/or complementary foods are needed to be studied for reducing NAFLD progression. Currently, plants and/or functional foods have been noticed for the disease control or treatment due to the ease of access and in some cases, due to fewer side effects. 10 Several traditional medicinal plants are used in different areas of the world to treat metabolic disorders. 11, 12 Capparis spinosa (caper) belongs to the family of Capparidaceae and is widely found in the southern area of Iran and the western or central regions of Asia. 13, 14 Caper's root includes flavonoids, pectin, saponins, essential oils, tannins and particularly glycosinolate and glycosides as valuable biochemical compounds. 15, 16 Aqueous extract of C. spinosa showed blood glucose and lipid profile lowering effects in diabetic patients. 17, 18 Different parts of the plant, including fruits, leaves, seeds, etc., may have different effects due to various active ingredients. To our knowledge, human and animal studies have verified the positive effects of caper fruit on blood glucose in type 2 diabetic patients, and it has been used traditionally as an anti-hyperglycemic food by Iranian diabetic patients. evaluated whether daily caper fruit consumption as a food additive can be effective in disease regression or not. Moreover, there is no human trial in this field. The purpose of this study was to assess the effects of caper fruit consumption, as an Iranian Traditional Medicine product, change in biochemical parameters include serum lipids, liver enzymes and disease severity as primary outcome, and change in anthropometric or nutritional parameters as secondary outcome in NAFLD patients after 12 weeks. We hypothesized that daily caper fruit pickle consumption leads to the improvement in anthropometric measures, liver function tests, lipid profile and grade of fatty liver in patients with NAFLD.
Materials and Methods

Study participants and recruitment
In total, 44 NAFLD patients were selected between March 2016 and April 2017 from among patients with NAFLD diagnosis who were attending the Metabolic Disease Research Center and Valie-Asr Hospital, Zanjan University of Medical Sciences, Zanjan, Iran. The inclusion criteria were as follows: patients aged 12-80 y, BMI (in kg/m 2 ) of 25-35, and willingness to consume caper fruit pickle as food additive. The exclusion criteria were any known allergies to caper, cigarette smoking, pregnancy or pregnancy planning in the next 6 months, breastfeeding, history of stroke, cirrhosis, viral hepatitis, liver obstructive diseases, heart disease or thyroid disorders, diabetes, dyslipidemia, intake of anti-diabetic or lipid lowering drugs, as well as anticoagulants, intake of medications that could affect body weight and/or energy expenditure, following vegetarian or weight-loss diets up to 2 months before the beginning of the study. Caper has interaction with coagulopathies due to involvement in the coagulation pathways. Then, we excluded all the patients with coagulopathy diseases.
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Study design and intervention A randomized, double-blind, controlled trial was designed that aimed to assess the effects of caper fruit consumption on liver enzymes, lipid profile and grade of fatty liver in NAFLD patients. At the beginning of the study, baseline measures were recorded and qualified participants were randomly categorized by using block randomization method according to BMI. Forty four patients were randomly assigned to caper group (n=22) or control group (n=22) (Figure 1 ). Caper fruit was collected from Moghan, Pars Abad, Iran. The whole part of the plant was sent to the laboratory of the Herbarium Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran (Herbarium Code: 3969). After being boiled, the fruits were soaked in home-made grape vinegar. Microbial and fungal tests were carried out before pickle distribution. The patients were advised to receive 40-50 gr of caper fruit pickles with their meals. All participants were instructed by a specialized nutritionist for lifestyle changes, similarly. Compliance of the participants was assessed by telephone interview every week. Side effects were explained to all participants and followed up each interview. 12 weeks for biochemical measurements. After centrifugation for 15 min (2500 g), the serum samples were frozen simultaneously and stored at -80 °C until analyzed. Lipid profile and liver enzyme tests were measured by an enzymatic method (Pars Azmoon Co. Kit, Tehran, Iran) using Liasys autoanalyzer.
Grades of fatty liver classification
Liver ultra-sonography (US) was performed by Siemens brand Sonoline G50 series -3.5e5 MHz probe made in Germany. Liver steatosis was classified through sonographic echogenicity of liver as: 1) normal: echogenicity, the same as renal cortex; 2) grade I: mild steatosis that increased liver echogenicity with visible diaphragmatic and periportal echogenicity; 3) grade II: moderate steatosis, increased liver echogenicity with imperceptible periportal echogenicity, without obscuration of diaphragm; 4) grade III: severe, steatosis; increased liver echogenicity with imperceptible periportal echogenicity and obscuration of diaphragm. 21 Sample size and statistical analysis In the present study, power of 80% with a two-sided test with α=0.05 (type I error) and mean difference of 25 IU/L for changes in ALT levels were considered to determine the sample size. On the basis of means, as stated in the previous studies, 22 the number of participants needed to detect this difference was 22 in each group. By considering the dropout rate of 10 percent, we set the enrollment target of 25 subjects. Numeric variables were expressed by means ± SD. The level of significance was set at P < 0.05. Statistical analyses were accomplished with IBM SPSS Statistics software (version 22; SPSS, Inc). We used KolmogorovSmirnov Test to assess the normal distribution of the data. Independent sample t-test was used to assess the differences in mean values of the variables between the two groups. The comparison of mean values of variables before and after the intervention in each group was examined by paired t-tests. For non-normally distributed data, appropriate non-parametric test was used. The comparison of mean change in each parameter during the trial was assessed by ANCOVA test, adjusted for baseline measures as covariates.
Results and Discussion
Dietary intake and physical activity had no significant difference between the two studied groups (p>0.05). Baseline levels of AST, HDL.C and LDL.C were significantly different between the two groups (p<0.001). 72.7% of the participants in the caper and 59.1% of them in the control group were female. Gender distribution between the two groups were not significantly different (p=0.4). Mean age of the participants was 40.32±10.04 y in the caper and 45±10.03 y in the control group, with no significant difference between the two groups. Weight and BMI were significantly decreased in the caper (p<0.001 and p<0.001) and control groups (p=0.001 and p=0.001), respectively. Serum ALT levels were significantly decreased at the end of the study in the caper and control groups (p<0.001 and p<0.001, respectively). Also, serum AST levels decreased in both of the studied groups (p<0.001 and p<0.001, respectively). Serum TG, TC and LDL.C were significantly decreased only in the control group (p=0.01, p<0.001 and p<0.001, respectively) ( Table 1) . Adjusted to the baseline measures, the mean change in serum ALT and AST concentrations was significantly higher in the caper than the control group (p<0.001 and p=0.02, respectively). The mean change in serum of LDL.C levels was significantly higher in the control than the caper group, adjusted for the baseline measures (p=0.03) ( Table 1) . At the end of the study, grade of fatty liver was significantly different between the two studied groups (p <0.001). Improve on the stage of NAFLD was significantly higher in the caper group than the control group, adjusted for the baseline measures (Table 2) . Although the standard method for NAFLD treatment is weight loss, drug and supplement trials have shown inconclusive results.
6-10 To our knowledge, there is no concise therapy for NAFLD treatment. Thus more studies on dietary supplements and/or functional foods are needed for prevention or regression of NAFLD. Dietary supplements or functional foods which have beneficial effects on insulin resistance and blood glucose control, as well as antioxidant and anti-inflammatory activity, may be effective in the NAFLD treatment. On the other hand, many patients tend to use traditional medicine and its products for disease treatment. The present study has shown that weight loss, as the routine method for NAFLD treatment, was more pronounced in the caper than in the control L. Furthermore, a mean difference of change in serum ALT and AST concentrations was higher pronounced in the caper than the control group. Also, disease severity was significantly decreased in the caper group, adjusting for the baseline measures. Results showed that caper fruit pickle consumption in the diet can show fatty liver progression. Our results are in agreement with the previous study showing the weight-reducing effect of caper. 23 Caper fruit, as an ITM herb, has a bitter taste which is not favored by consumers. Therefore, we prepared its pickle for patients' convenience. Numerous studies are available assessing the effect of caper components, including fruit, seed, stem, leaf and the whole of the plant in the treatment of several other diseases such as metabolic syndrome and type II diabetes. 18, 19, 24 The antihyperglycemic property of caper is due to the reduced absorption of carbohydrates from the small intestine, increased glucose uptake in the tissue, glucose-depletion in the liver, and the regeneration or protection of the beta cells of the pancreas. 21 Caper is known as an herb with antioxidant properties. 16 In addition to the effect of alcoholic and aqueous extract of caper on lipid profile, it is shown that it has hepato-and nephroprotctive effects against toxins. 24, 25 The most useful effects of caper fruit pickle on health are due to high bioactive compounds, especially polyphenols. 25, 26 According to the ITM opinion, caper has an important role in spleen performance, excretion of toxins, as well as excess "Soda" and "Balgham", from the liver. 27 One study reported that "Balgham", as a component of quadruple humors, has a relationship with lipid profile. a Values are means ± SE. p < 0.05 was considered as significant BMI: body mass index; ALT: alanine transaminase; AST: aspartate transaminase; TC: total cholesterol; TG: triglycerides † p values are related to the differences between the groups after 12 wk of treatment; evaluated by using an ANCOVA with baseline values as covariate ‡ p values are related to the differences within the groups from baseline to the end; evaluated by paired sample t-test After 12 weeks of daily caper fruit consumption, ALT and AST reduction were higher compared with the control group. One study showed the same results. Streptozotocin induced diabetic rats were treated with the caper root extract for four weeks. Serum glucose level was decreased without any change in serum insulin level. Also, liver enzyme tests were significantly decreased in the caper extract-fed group. 29 One study has shown that Capparis spinosa as an antidiabetic plant is capable to reduce blood glucose in streptozotocin-induced diabetic mice. 30 In another study with the aim of evaluaaing the hepatoprotective effect of C.spinosa, ethanolic root bark extract of this medicinal plant was evaluated in a mouse model of CCl 4 -induced hepatotoxicity. Serum liver enzymes were reduced in the C-spinosa supplemented group with ethanolic extract of C.spinosa. 31 In contrast, another study showed no significant effect of aqueous extract of caper fruit on liver enzyme tests in patients with type II diabetes. 19 Serum liver enzymes were in normal range in the mentioned study, which may be one of probable reasons for this result. On the other hand, the effect of caper on reducing serum glucose and lipid profile is dose-dependent manner. Therefore, inconclusive results of the previous studies may be due to the effective dose. Also, caper fruit may have various components and/or amounts of polyphenols in different Advanced Pharmaceutical Bulletin, 2017, 7(4), 645-650 regions depending on the cultivation soil. Serum levels of lipid profile and/or liver enzymes shown inconsistency in various studies. These differences lead to various results. One study assessed the effects of the caper fruit extract on the serum levels of ALT, AST, ALP, bilirubin, creatinine, urea and uric acid, as well as histo-pathologic properties of the liver, kidneys, pancreas and stomach in a rat model of type 1 diabetes. 32 Cellular necrosis occurred in the liver, pancreas and kidneys of diabetic rats, but changes in the diabetic treated group with caper fruit extract were lower than the control group. Similarly, the serum levels of creatinine, liver enzymes, and other factors decreased. Another study assessed the antiinflammatory properties of caper in the cell line. They showed that caper fruit inhibits cytokine gene expression, including IFNγ, IL-17 and IL-4. They concluded that the beneficial effects of caper fruit are due to saponins, flavonoids and alkaloids. 33 To our knowledge, this is the preliminary RCT aimed to assess the effect of caper fruit pickle consumption on the hepatic lipid accumulation, serum lipid profile and liver enzyme tests in the patients with NAFLD. Caper has more benefits on lipid accumulation in the liver and grade of fatty liver. However, a study with more sample size and longer duration is needed before reaching conclusive results. There are some limitations to our results; firstly that NAFLD was diagnosed by biochemical and ultra-sonographic findings in our patients, which is not able to distinguish between simple fatty liver and NASH. Fibroscan, as a precise method for detection and staging of the liver diseases, is more expensive. Liver biopsy is the gold standard for NAFLD diagnosis, but it is an invasive and expensive method. Secondly, we did not match the patients according to their NAFLD at enrollementwe. We suggest that patients could be matched according to the grade of the fatty liver disease in the oncoming studies. In future studies, precise control of dietary intake and physical activity level is suggested. Also, caper components should be analyzed in future. Another study with the higher levels of these enzymes is needed to assess the effects of caper fruit on NAFLD progression. Insulin resistance, inflammatory and oxidative pathways should be assessed to determine the involved signaling pathways.
Conclusion
The present study showed that caper fruit as an herbal drug may be effective in reducing the NAFLD progression because of natural compounds such as comarin and flavonoids. Thus, this fruit has medicinal properties. However, more studies are needed to obtain concise results.
